We report the first measurement of absolute hadronic branching fractions of Λ fitter is utilized to improve the measured precision. Among the measurements for twelve Λ + c decay modes, the branching fraction for Λ + c → pK − π + is determined to be (5.84 ± 0.27 ± 0.23)%, where the first uncertainty is statistical and the second is systematic. In addition, the measurements of the branching fractions of the other eleven Cabibbo-favored hadronic decay modes are significantly improved.
PACS numbers: 14.20.Lq, 13.30.Eg, 13.66.Bc Charmed baryon decays provide crucial information for the study of both strong and weak interactions. Hadronic decays of Λ + c , the lightest charmed baryon with quark configuration udc, provide important input to Λ b physics as Λ b decays dominantly to Λ + c [1, 2] . Improved measurements of the Λ + c hadronic decays can be used to constrain fragmentation functions of charm and bottom quarks by counting inclusive heavy flavor baryons [3] . Most Λ , has large uncertainty due to the introduction of model assumptions on Λ + c inclusive decays in these measurements [5] . Recently, the Belle experiment reported
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−0.27 )% with a precision improved by a factor of 5 over previous results [6] . However, most hadronic BFs still have poor precision [4] . In this Letter, we present the first simultaneous determination of multiple Λ + c absolute BFs. Our analysis is based on a data sample with an integrated luminosity of 567 pb −1 [7] collected with the BESIII detector [8] at the center-of-mass energy of √ s = 4.599 GeV. At this energy, no additional hadrons accompanying the Λ + c Λ − c pairs are produced. Previously, the Mark III collaboration measured D hadronic BFs at the DD threshold using a double-tag technique, which relies on fully reconstructing both D andD decays [9] . This technique obviates the need for knowledge of the luminosity or the production cross section. We employ a similar technique [10] using BESIII data near the Λ + c Λ − c threshold, resulting in improved measurements of charge-averaged BFs for twelve Cabibbo-favored hadronic decay modes: 
where
is the total number of produced Λ 
where ε ij is the efficiency for simultaneously reconstructing modes i and j. Hence, the ratio of the DT yield (N DT ij ) and ST yield (N ST j ) provides an absolute measurement of the BF:
Because of the large acceptance of the BESIII detector and the low multiplicities of Λ c hadronic decays, ε ij ≈ ε i ε j . Hence, the ratio ε j /ε ij is insensitive to most systematic effects associated with the decay mode j, and a signal BF B i obtained using this procedure is nearly independent of the efficiency of the tagging mode. Therefore, B i is sensitive to the signal mode efficiency (ε i ), whose uncertainties dominate the contribution to the systematic error from the efficiencies. According to Eqs. (1) and (2), the total DT yield with Λ + c → i (signal mode) over the twelve ST modes is determined to be
is the average DT efficiency weighted over the twelve modes.
The BESIII detector is an approximately cylindrically symmetric detector with 93% coverage of the solid angle around the e + e − interaction point (IP). The components of the apparatus, ordered by distance from the IP, are a 43-layer small-cell main drift chamber (MDC), a time-of-flight (TOF) system based on plastic scintillators with two layers in the barrel region and one layer in the end-cap region, a 6240-cell CsI(Tl) crystal electromagnetic calorimeter (EMC), a superconducting solenoid magnet providing a 1.0 T magnetic field aligned with the beam axis, and resistive-plate muon-counter layers interleaved with steel. The momentum resolution for charged tracks in the MDC is 0.5% for a transverse momentum of 1 GeV/c. The energy resolution in the EMC is 2.5% in the barrel region and 5.0% in the end-cap region for 1 GeV photons. Particle identification (PID) for charged tracks combines measurements of the energy deposit dE/dx in MDC and flight time in TOF and forms likelihoods L(h) (h = p, K, π) for a hadron h hypothesis. More details about the BESIII detector are provided elsewhere [8] . [13] , ISR return to lower-mass ψ states, and continuum processes e + e − →(q = u, d, s). Decay modes as specified in the Particle Data Group summary (PDG) [4] are modeled with EVTGEN [14] . For the MC production of e + e − → Λ + c Λ − c , the observed cross sections are taken into account, and phase-space-generated Λ + c decays are reweighted according to the observed behaviors in data. All final tracks and photons are fed into a GEANT4-based [15] detector simulation package.
Charged tracks detected in the MDC must satisfy | cos θ| < 0.93 (where θ is the polar angle with respect to the beam direction) and have a distance of closest approach to the IP of less than 10 cm along the beam axis and less than 1 cm in the perpendicular plane, except for those used for reconstructing K 
, while charged kaons and pions are discriminated based on comparing the likelihoods for these two hypotheses
Showers in the EMC not associated with any charged track are identified as photon candidates after fulfilling the following requirements. The deposited energy is required to be larger than 25 MeV in the barrel (| cos θ| < 0.8) region and 50 MeV in the end-cap region(0.84 < | cos θ| < 0.92). To suppress electronic noise and showers unrelated to the event, the EMC time deviation from the event start time is required to be within (0, 700) ns. The π 0 candidates are reconstructed from photon pairs, and their invariant masses are required to satisfy 115 < M (γγ) < 150 MeV/c 2 . To improve momentum resolution, a mass-constrained fit to the π 0 nominal mass is applied to the photon pairs and the resulting energy and momentum of the π 0 are used for further analysis.
Candidates for K 0 S and Λ are formed by combining two oppositely charged tracks into the final states π + π − and pπ − . For these two tracks, their distances of closest approaches to the IP must be within ±20 cm along the beam direction. No distance constraints in the transverse plane are required. The charged π is not subjected to the PID requirements described above, while proton PID is implemented in order to improve signal significance. The two daughter tracks are constrained to originate from a common decay vertex by requiring the χ 2 of the vertex fit to be less than 100. Furthermore, the decay vertex is required to be separated from the IP by a distance of at least twice the fitted vertex resolution. The fitted momenta of the π + π − and pπ − are used in the further analysis. We impose requirements 487 Table I , which correspond to about 3 times the resolutions. Second, we define the beam-constrained mass M BC of the Λ c candidates by substituting the beamenergy E beam for the energy E of the Λ c candidates,
where p is the measured Λ c momentum in the center-of-mass system of the e + e − collision. Figure 1 We perform unbinned extended maximum likelihood fits to the M BC distributions to obtain the ST yields, as illustrated in Fig. 1 . In each fit, the signal shape is derived from MC simulations of the signal ST modes convolved with a Gaussian function to account for imperfect modeling of the detector resolution and beam-energy spread. The parameters of the Gaussians are allowed to vary in the fits. Backgrounds for each mode are described with the ARGUS function [16] . The resultant ST yields in the signal region 2276 < M BC < 2300 MeV/c 2 and the corresponding detection efficiencies are listed in Table I .
In the signal candidates of the twelve ST modes, a specific mode Λ + c → i is formed from the remaining tracks and showers recoiling against the ST Λ − c . We combine the DT signal candidates over the twelve ST modes and plot the distributions of the M BC variable in Fig. 2 . We follow the same fit strategy as in the ST samples to estimate the total DT yield N DT i− in Eq. (4), except that the DT signal shapes are derived from the DT signal MC samples and convolved with the Gaussian function. The parameters of the Gaussians are also allowed to vary in the fits. The extracted DT yields are listed in Table I . The 12 × 12 DT efficiencies ε ij are evaluated based on the DT signal MC samples, in order to extract the BFs.
Main sources of systematic uncertainties related to the measurement of BFs include tracking, PID, reconstruction of intermediate states and intermediate BFs. For the ∆E and M BC requirements, the uncertainties are negligible, as we correct resolutions in MC samples to accord with those in data. Uncertainties associated with the efficiencies of the tracking and PID of charged particles are estimated by studying a set of control samples of e + e − → π
based on data taken at energies above √ s = 4.0 GeV. An uncertainty of 1.0% is assigned to each π 0 due to the reconstruction efficiency. The uncertainties of detecting K 0 S and Λ are determined to be 1.2% and 2.5%, respec- Table II . We use a least-squares fitter, which considers statistical and systematic correlations among the different hadronic modes, to obtain the BFs of the twelve Λ Table III . For the golden mode B(pK − π + ), our result is consistent with that in PDG, but lower than Belle's with a significance of about 2σ. For the branching fractions of the other modes, the precisions are improved by factors of 3 ∼ 6 compared to the world average values. 
